We present a stochastic formulation for a partial neural circuit of Caenorhabditis elegans. This study is concerned with how to reduce the degree of freedom in a large neural circuit. In the presented formulation, neurons in the whole neural circuit are divided into two complementary groups. One is the neurons which are mainly associated with a certain behavior, and the other is the remaining neurons of C. elegans. In an ordinary study on a partial neural circuit, the influence of the latter (the remaining neurons) on the former (the associated neurons) is completely neglected. In the presented formulation, however, the influence is expressed by a stochastic variable. The structure of the ensemble for the stochastic variable is appropriately evaluated by the neural connectivity of C. elegans since the neural connectivity of C. elegans has been completely determined. In this way, the degree of freedom is effectively reduced. We apply the presented formulation to determine the synaptic signs in the touch sensitivity circuit of C. elegans. The synaptic signs are determined to satisfy the locomotory behaviors in C. elegans. We find that the influence of the remaining neurons on the touch sensitivity circuit is important to determine the synaptic signs.
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INTRODUCTION
From the viewpoint of mathematical neurobiology, the nematode Caenorhabditis elegans is a useful model organism because of the following reasons. Firstly, the * Author to whom correspondence should be addressed. neural connectivity of C. elegans has been completely determined (Albertson and Thomson, 1976; White et al., 1986) . Some databases of the neural connectivity are available for computational use (Achacoso and Yamamoto, 1992; Oshio et al., 1998 ; Durbin, not published as a real paper). Secondly, there are a number of experimental studies on several behaviors and learning not only for the wild-type but also for the mutants of C. elegans (Wood, 1988; Riddle et al., 1997) . Thirdly, the neurons which are mainly associated with the behaviors have been identified.
The hermaphrodite C. elegans has 302 neurons. There are about 5800 chemical synapses and about 1400 gap junctions between the neurons (Oshio et al., 1998) . To understand neural information processing in C. elegans, we usually focus on a partial neural circuit instead of the whole neural circuit. On the basis of the above mentioned knowledge on C. elegans, computational studies on the partial neural circuits are carried out (Wicks et al., 1996; Cangelosi and Parisi, 1997; Ferree and Lockery, 1999; Majewska and Yuste, 2001) . In these studies, the partial neural circuits are assumed to be closed. That is, only the associated neurons and their connectivity are taken into account. The influence of the remaining neurons of C. elegans is completely neglected to reduce the degree of freedom in neural modeling. However, there is no guarantee that a result in the closed partial neural circuit is consistent with that in the whole (real) neural circuit since neural information processing is a highly nonlinear phenomenon. Although laser ablation experiments of the neuron have been performed on C. elegans to identify the associated neurons, this is still a problem in neural modeling.
Our main purpose is to propose a mathematical framework for studying a large biological neural circuit, which enables us to consider the influence of the neurons except those in the partial neural circuit. We apply this framework to solve a problem of studying the 'synaptic sign' (neurotransmitter phenotype) in the neural circuit of C. elegans. There are two types of connections between neurons: chemical synapse and gap junction. A chemical synapse is characterized by the synaptic sign: whether a chemical synapse is functionally excitatory or inhibitory. The synaptic signs of C. elegans are not fully identified since the electrophysiological measurement is difficult. In a computational study on the synaptic sign, a mathematical model of the nervous system is introduced at first. Secondly, the synaptic signs in the model are determined to satisfy some behavioral criteria. According to these procedures, the synaptic signs in the tap withdrawal circuit (Wicks et al., 1996) and the synaptic signs in the touch sensitivity circuit (Majewska and Yuste, 2001 ) have been studied. The synaptic signs in Majewska and Yuste (2001) do not satisfy Dale's principle (Dale, 1935 ). Dale's principle is a hypothesis that a neuron releases the same neurotransmitter at all its synapses. Furthermore, a neurotransmitter has been supposed to cause either postsynaptic excitation or inhibition, but not both. Although there is evidence that a neuron can release more than one neurotransmitter, and that a single neurotransmitter can have both functionally excitatory and inhibitory effects (McIntire et al., 1993; Dent et al., 1997; Kandel et al., 2000; Alberts et al., 2002) , these occurrences might be rare. In the presented
